Standard treatment of locally advanced nasopharyngeal carcinoma is patterned after the Intergroup 0099 trial with concurrent cisplatin with radiotherapy, followed by consolidation chemotherapy. This remains the guideline recommended standard. With the wider use of intensity modulated radiotherapy and the incorporation of taxanes in the chemotherapy regimen, many oncologists are increasingly using an induction approach with chemotherapy followed by concurrent chemoradiotherapy. Induction chemotherapy is not considered a standard approach despite studies showing efficacy and tolerability. In this mini-review, we summarize the data from trials and reviews of induction therapy and argue for its recognition as a viable standard option for patients with locally advanced nasopharyngeal carcinoma.
1
. In the United States, the incidence is 0.5-2 per 100,000 compared to 25 per 100,000 in southern China 2 . Arising from the nasopharynx epithelium, NPC morphologically demonstrates lymphoid cells intermixed with transformed epithelial cells. Generally considered squamous in origin, NPC is categorized into three different pathologic subtypes per World Health Organization (WHO) criteria based on the degree of differentiation 3 . Undifferentiated, non-keratinizing (WHO Type III) NPC is the most common subtype accounting for two-thirds of patients in the United States and 95% of patients in China 4 .
In endemic populations, there are several contributory risk factors leading to the development of NPC including Epstein Barr virus (EBV) infection, environmental factors, and genetic predisposition 3 . The presence of EBV DNA and EBV gene expression in precursor lesions and tumor cells suggests that EBV activation is part of the pathogenesis of nasopharyngeal carcinoma 3, 5 . This has spurred further research to evaluate and assess the benefit of monitoring circulating EBV DNA for screening, treatment response, and recurrence [6] [7] [8] .
Magnetic Resonance Imaging (MRI) is an essential component of the assessment of NPC. It helps distinguish NPC from other tumor types in addition to illustrating tumor extension and stage. In 6-10% of patients, the nasopharyngeal mucosa appears normal on endoscopy; therefore, MRI is vital in detecting subclinical tumors 9 . The apparent diffusion coefficient (ADC) on MRI serves as a non-invasive prognostic parameter to help distinguish between poor, moderate, and well-differentiated tumors. ADC correlates with other prognostic factors such as tumor type, grade, volume, and nodal status; for example, a lower ADC value reflects a lower increased cellular density with subsequent restricted diffusion on MRI, which correlates with poorly differentiated tumors, larger tumor volume, and metastatic cervical lymph nodes 10 .
The staging of NPC is based on the Tumor-NodeMetastasis (TNM) system of the American Joint Committee on Cancer (AJCC) Staging 11 . Stage I NPC demonstrates 90 percent five-year overall survival (OS) with radiation alone 12 . Stages II-IV are typically treated with combined chemotherapy and radiation. According to the Meta-analysis of Chemotherapy in Nasopharynx Carcinoma (MAC-NPC), which analyzed 19 randomized trials including 4806 patients with non-metastatic nasopharyngeal carcinoma, the addition of chemotherapy to radiation improved overall survival (HR 0.79, 95% CI 0.73-0.86, p<0.0001), reduced loco-regional failure, and reduced distant failure 13 . Two phase III randomized trials illustrated a survival benefit for concurrent chemoradiation (CRT) compared to radiation therapy (RT) alone in Stage II or greater NPC 14, 15 .
The National Comprehensive Cancer Network (NCCN) 2018 guidelines recommend concurrent chemoradiation (cisplatin) followed by adjuvant chemotherapy (cisplatin/5-FU) for locoregionally advanced disease based on the Intergroup study 0099 published in 1998 16 . This phase III trial randomized patients with stage III and IV NPC to concurrent chemoradiation followed by adjuvant chemotherapy versus radiation alone. Threeyear progression free survival (PFS) (69% vs. 24%, P<0.001) and three-year overall survival (OS) (76% vs. 46%, P<0.001) both favored the combined modality arm 17 . However, only half of the patients in the combined modality arm completed all three cycles of adjuvant chemotherapy due to treatment toxicity. In Singapore, a study based on the structure of the Intergroup study 0099 confirmed that the addition of chemotherapy significantly improves 2-year distant metastasis-free survival (DMFS), disease free survival (DFS), and OS rates 18 . Similar to the findings of the MAC-NPC meta-analysis, it is not surprising that both of these studies demonstrate superiority of combined chemoradiation over definitive radiation alone. However, these studies failed to address the question of whether concurrent chemoradiation plus adjuvant chemotherapy is more beneficial than concurrent chemoradiation alone for locally advanced NPC. A Phase III trial from China demonstrated no improvement in the five-year failure-free rate with the addition of adjuvant chemotherapy compared to observation alone following concurrent chemoradiation 19, 20 . Future studies need to better assess if there is a subset of patients that would derive benefit from adjuvant chemotherapy despite the treatment toxicities. Two trials have implemented EBV DNA as a marker of residual disease status to guide management in locoregionally advanced disease. The Hong Kong Nasopharyngeal Cancer Study Group (HKNPCSG) 0502 trial randomized patients with residual detectable EBV DNA, following concurrent CRT or RT, to 6 cycles of adjuvant chemotherapy or observation alone. The study demonstrated no significant difference in the 5-year relapse free survival (49.3% vs. 54.7%; HR for relapse or death 1.09, 95% CI 0.63-1.89; p=0.75) or overall survival (64% vs 67.8%; HR 1.09, 95% CI 0.56-2.11; p=0.79) between the two groups. However, the study highlighted barriers to completion of adjuvant chemotherapy including treatment related toxicity and patient refusal. Only 65.4% of patients assigned to receive adjuvant chemotherapy completed 4 cycles of treatment. Nevertheless, survival outcomes did not drastically differ for patients that received more than 3 cycles of adjuvant chemotherapy based on sensitivity analysis of survival outcomes according to compliance to adjuvant chemotherapy 21 . The ongoing trial NRG-HN001 (NCT02135042) is assessing the role of adjuvant chemotherapy following CRT based on EBV DNA plasma levels. High risk patients with persistently detectable EBV DNA are being randomized to adjuvant chemotherapy and patients with no detectable EBV DNA are being randomized to either standard adjuvant chemotherapy or observation 22 . Hopefully, the results of this study will provide insight into EBV DNA as a potential risk stratification tool in the setting of adjuvant chemotherapy.
The role of induction chemotherapy, while increasingly common, remains controversial. Among expert groups such as the European Society of Medical Oncology (ESMO), the National Cancer Institute (NCI), and NCCN, there is no unifying consensus on the utilization of induction chemotherapy in the management of NPC. Earlier phase III trials of induction chemotherapy followed by RT alone did not show any difference in overall survival (OS) compared to definitive RT alone [23] [24] [25] . However, these trials were in the pre-Intensity Modulated Radiotherapy (IMRT) era and used older anthracycline containing regimens. The MAC-NPC meta-analysis included six induction trials that demonstrated improved progression-free survival (PFS) but not OS. 13 Based on the available data, it remains debated whether or not more modern taxane-containing induction regimens along with the use of concurrent chemotherapy with RT would provide a greater benefit. Uncontrolled trials using the docetaxel-platinum-5 Fluorouracil (TPF) induction regimen followed by IMRT with concurrent cisplatin have demonstrated 3-year PFS and OS rates of approximately 75-79% and 86-87% respectively [26] [27] [28] . In one randomized phase II trial comparing induction cisplatin-docetaxel followed by concurrent cisplatin-RT vs concurrent chemoradiotherapy alone, both PFS and OS were improved with the induction regimen; 3-year PFS 88.2% vs 59.5% and 3-year OS 94.1% vs 67.7% 29 . Randomized trials comparing induction chemotherapy followed by concurrent chemoradiotherapy versus definitive chemoradiotherapy alone have been few in number and with conflicting results. Two randomized phase II studies evaluating induction therapy with triplet chemotherapy regimens failed to show benefit in either PFS or OS 30, 31 . A phase II trial presented at the American Society of Clinical Oncology (ASCO) 2017 meeting studied induction cisplatin-gemcitabine followed by 70 Gy RT with concurrent high dose cisplatin every three weeks 32 . Five-year overall survival was 70%; local regional control was 69%; and relapse free survival was 52%. One hundred and seven (35.7%) of patients failed treatment, including 48 (45%) with distant metastases. More recently, a randomized, phase III Chinese trial with induction TPF followed by RT with concurrent high dose cisplatin every three weeks showed a 3-year failure free survival of 80% vs 72% (p=0.034) favoring the induction arm 33 . The GORTEC 2006-02 trial also randomized 83 patients between induction TPF followed by concomitant cisplatin-RT vs concomitant therapy alone and showed a 3-year PFS and OS of 73.9% and 86.3% vs 57.2% and 68.9%, respectively, statistically favoring the induction arm, (p=0.042 for PFS and 0.05 for OS). Ninety-five percent of patients completed all three cycles of the induction chemotherapy and grade III toxicities between the two arms were not different 34 . We recently reported a retrospective study of our experience with induction chemotherapy followed by chemoradiotherapy or radiotherapy alone over a ten-year period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) in 95 patients 35 . Induction regimens varied but platinum and taxane containing regimens were the most common (76% of patients). IMRT was standard. Three-year PFS and DMFS were 77.3% and 78%, respectively, comparable to data from other induction trials. Toxicities were manageable with 87% of patients completing the full induction chemotherapy course and 97% going on to CRT/RT.
The data supporting additional chemotherapy outside of concurrent chemoradiation remains varied and there are limited comparisons of concurrent chemoradiation with induction versus concurrent chemoradiation with adjuvant chemotherapy. The MAC-NPC meta-analysis attempted to compare induction and adjuvant therapy but differences in trial designs, chemotherapy regimens, radiation methods, and follow up did not allow for an accurate assessment 11 . The only well-established fact is the benefit of multimodality therapy, involving both chemotherapy and radiation, over single modality therapy, involving radiation or chemotherapy alone. The guideline recommendations for the past twenty years have supported concurrent chemo-radiation followed by adjuvant/consolidation chemotherapy as first line treatment based on the Intergroup 0099 trial, in spite of a number of trials showing that induction chemotherapy followed by concurrent chemo-radiation can be as effective and with an acceptable toxicity profile. Induction regimens containing a taxane agent have consistently out-performed regimens without a taxane and should be considered as a potential first line option. This has become a de-facto standard of care in many centers and community practices. It is recommended that the guidelines be updated to reflect this practice. Many practitioners are currently implementing induction chemotherapy in patients presenting with large bulky tumors, extensive nodal disease, or those unable to receive full dose radiation due to close proximity of critical structures as well as those encountering delays in radiotherapy due to dental extractions. In the future, to better address the sequence and administration of therapy, clinical trials may need to randomize patients receiving concurrent chemoradiation into 3 arms: induction therapy, adjuvant therapy, or observation. This strategy will more accurately shed light on the ideal treatment approach to improve survival outcomes. Currently, the HKNPCSG 0501 trial is investigating this issue by comparing induction-concurrent chemotherapy vs. adjuvant-concurrent chemotherapy.
